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(57) Abstract: A method and system for providing a halo implant to a semiconductor device is disclosed. The method and system 
comprises providing a thin photoresist layer to the semiconductor device. The method and system further includes providing the halo 
implant to the appropriate area of the semiconductor device. Accordingly, in a system and method in accordance with the present 
invention, a photoresist that is capable of thinner profile, Le., DUV photoresist is utilized. This wUl allow one to lower the photoresist 
thickness to the proposed i(XX)A (in the field) or lower if the process allows. With this photoresist thickness, taking into account 
other height variables, the source and drain regions can be opened only as needed At a 45° angle, the implant can be delivered to all 
transistors in the circuit in the targeted area as well as getting only a large amount of the dose (up to 3/4 of the dose) to the transistor 
edge which sits on the trench edge; This wiQ also minimize the counter doping of the source drain with the opposite species as is 
required by the definition of the halo process. In the smaller geometries of 0.18 um technologies and lower, the gate height will 
actually work to advantage and help reduce unwanted counter doping of the source/drain area. In this way the counter doping can be 
maintai n ed to an absolute minimum. The final advantage is that with the thinner photoresist, we will enhance our ability to provide 
the implant to smaller geometries. 
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METHOD OF MANUFACTURING A SEMICONDUCTOR DEVICE USING A HALO IMPLANTATION 

Field Of The Invention 

The present invention relates to semiconductor devices and more particularly 
providing a halo implant when manufacturing semiconductor devices. 

Background Of The invention 

A halo implant is typically utilized to implant dopant on a semiconductor device. In- 
line lithography or DUV (deep ultra violet) photoresist is typically utilized to mask the halo 
implant process. Typically, the same mask (lightly doped drain) (LDD) is utilized for the 
halo implant, since the halo implant takes place after the LDD implant. Due to the 
chemistry of the photoresist, an implant shadowing problem oftentimes occurs utilizing 
conventional processes (mask & photoresist set), which adversely affects yield and 
performance of the devices as manufecturing processes move toward smaller geometries. 

The first problem is that the photoresist thickness in the area of implant is of a 
thickness such that an implant delivered at a 45° angle can result in an asymmetric and 
leaky transistor. A second problem is the thickness of the photoresist related to the trench 
oxidation region of the device. Accordingly, if a thick photoresist (0.55Mm or greater) is 
placed over the trench oxidation, due to the soft jelly type nature of the photoresist 
oftentimes the photoresist will fall and cover areas that are to be implanted. Even if the 
photoresist stands erect at the smaller process technologies, the halo implant will not 
reach the targeted areas. In addition, the conventional processes do not typically account 
for the need for selective doping of the source/drain area. 

Accordingly, what is needed is a system and method for overcoming the above- 
identified problems at smaller process geometries. The present invention addresses such 
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a need. 

Summary Of The Invention 

A method and system for providing a halo implant to a semiconductor device is 
disclosed. The method and system comprises providing a thin photoresist layer to the 
semiconductor device. The method and system further includes providing the halo implant 
to the appropriate area of the semiconductor device. 

Accordingly, in a system and method in accordance with the present invention, a 
photo photoresist that is capable of thinner profile, i.e., DUV photoresist is utilized. This 
will allow one to lower the photoresist thickness to the proposed 1 0OOA (in the field) or 
lower if the process allows. With this photoresist thickness, taking into account other 
height variables, the source and drain regions can be opened only as needed. 

At a 45° angle, the implant can be delivered to all transistors in the circuit in the 
targeted area as well as getting only a large amount of the dose (up to % of the dose) to 
the transistor edge which sits on the trench edge. This will also minimize the counter 
doping of the source drain with the opposite species as is required by the definition of the 
halo process. 

In the smaller geometries of 0.18 um technologies and lower, the gate height will 
actually work to advantage and help reduce unwanted counter doping of the source/drain 
area. In this way the counter doping can be maintained to an absolute minimum. The final 
advantage is that with the thinner photoresist, we will enhance our ability to provide the 
implant to smaller geometries. 

Accordingly, the process in accordance with the present invention is the improvement in 
the manufacture-ability as well as enhancing the process capability and device 
performance and speed. 
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Brief Description Of The Drawings 

Figure 1 is a flow chart illustrating a conventional process for providing a halo 

implant. 

Figure 2 is a diagram illustrating the semiconductor device after a conventional 
5 halo implant 

Figure 3 is a flow chart of a system in accordance with the present invention. 
Figure 4 is a diagram illustrating a semiconductor device after a halo implant in 
accordance with the present invention. 

10 Detailed Description 

The present invention relates to semiconductor devices and more particularly 
providing a halo implant when manufacturing semiconductor devices. The following 
description is presented to enable one of ordinary skill in the art to make and use the 
invention and is provided in the cx)ntext of a patent application and its requirements. 
Various modifications to the preferred embodiment and the generic principles and features 
described herein will be readily apparent to those skilled in the art. Thus, the present 
invention is not intended to be limited to the embodiment shown but is to be accorded the 
widest scope consistent with the principles and features described herein. 

Figure 1 is a flow chart illustrating a conventional process for providing a halo 

M implant. Typically in the conventional process, first a thick photoresist is provided, via step 
1 02. Then, an LDD implant is provided, via step 1 04. The thick photoresist or LDD mask 
in a conventional process is typically a photoresist that is 0.55Mm in height After the LDD 
implant is provided, then we provide what is referred to as the halo implant, via step 1 06. 
The halo implant typically is provided at a 45° angle to implant underneath the gate area. 

n For a wafer at a 45° implant, to consistently implant the intended area, a LDD mask is 
utilized which does not cover the source or drain regions. 
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Figure 2 is a diagram illustrating the semiconductor device 200 after a conventional 
halo implant. Accordingly oftentimes the halo implant 202 ends up providing dopant to all 
of the source region 204 and drain region 206. Since only the area directly underneath the 
gate 208 is the area of interest for the implant, there is leakage and other problems 
5 associated therewith. Accordingly, the entire active area 21 2 is open primarily because 
the thickness of the photoresist mask 212 is such that at a 45° angle, the ultraviolet rays 
cannot accurately be provided underneath the gate area. 

As is seen, with a photoresist mask 212 thickness of .Sum, the 45^ angle will 
require that a large portion of the ultraviolet radiation will not reach the area of interest 

w because at that angle, with the thick photoresist, it is not possible. In addition, if a thick 
photoresist of (0.5|im or greater) is placed over the trench oxidation 207, due to the soft 
jelly type nature of the photoresist, oftentimes the photoresist will fall over in the trench 
oxidation area and cover areas that are to be implanted. Even if the photoresist stands 
erect at the smaller process technologies, the halo implant will not reach the targeted 

18 areas. 

In a system and method in accordance with the present invention, the implant area 
is selectively targeted instead of performing a blanket implant This is accomplished by 
using a thinner photoresist mask thickness of between 0.1 pm to 0.2 urn instead of 0.55 
\im to 0.8 Mm photoresist utilized in the conventional process. To more particularly 

w describe the features of the present invention, refer now to the following discussion in 
conjunction with the figures. 

Figure 3 is a flow chart of a system in accordance with the present invention. 
Typically as in the conventional process, first a thick photoresist is provided, via step 302. 
Then, an LDD implant is provided, via step 304. Next, the thick photoresist is removed, via 

M step 306. Thereafter, a thin photoresist is provided, via step 308. Thereafter, a halo 
implant is provided, via step 310. The halo implant typically is provided at a 45° angle to 
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implant underneath the gate area. For a wafer at a 45° halo Implant, to consistently 
implant the intended area, a LDD mask is utilized which does cover a substantial portion of 
the source or drain regions. 

Figure 4 is a diagram illustrating a semiconductor device 400 after a halo implant in 
accordance with the present invention. As is shown, the photoresist mask 402 is a smaller 
height (.1 pm to .2pm) than in the conventional process, which allows for more of the 
source and drain regions 404 and 406 respectively to be masked by the photoresist 402. 

Accordingly, in a system and method in accordance with the present invention, a 
photoresist that is capable of thinner profile, i.e., a DUV photoresist is utilized. This will 
allow one to lower the photoresist thickness to the proposed 1000A (in the field) or lower if 
the process allows. With this photoresist thickness, taking into account other height, the 
source and drain regions can be opened only as needed. At a 45° angle, the implant can 
be delivered to all transistors in the circuit in the targeted area as well as getting only a 
large amount of the dose (up to 'A of the dose) to the transistor edge which sits on the 
trench edge. This will also minimize the counter doping of the source drain with the 
opposite species as is required by the definition of the halo process. 

In the smaller geometries of 0.18 urn technologies and lower, the gate height will 
actually work to advantage and help reduce unwanted counter doping of the source and 
drain region. In this way the counter doping can be maintained to an absolute minimum. 
The final advantage is that with the thinner photoresist, we will enhance our ability to 
provide the implant to smaller geometries. Accordingly, the process in accordance with 
the present invention is the improvement in the manufacture-ability as well as enhancing 
the process capability and device performance and speed. 

Although the present invention has been described in accordance with the 
embodiments shown, one of ordinary skill in the art will readily recognize that there could 
be variations to the embodiments and those variations would be within the spirit and scope 
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Of the present invention. Accordingiy, many modifications may be made by one or 
ordinary sl<ill in the art without departing from the spirit and scope of the appended claims. 
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CLAIMS 

What is claimed is: 

1 . A method for providing a halo implant to a semiconductor device 
comprising the steps of: 

5 (a) providing a thin photoresist layer to the semiconductor device; and 

(b) providing the halo implant to the appropriate area of the 
semiconductor device. 

2. The method of claim 1 wherein the thin photoresist layer covers a 
substantial amount of the active area of the semiconductor device. 

to 3. The method of claim 1 wherein the thin photoresist layer is between 

approximately 0.1 to 0.2|im thick. 

4. The method of claim 1 wherein the halo implant is at approximately a 45** 

angle. 

5. The method of claim 1 which includes the step of providing a lightly doped 
drain implant before the halo implant providing step (b). 

6. The method of claim 2 wherein the active area comprises the source 
region and the drain region of the semiconductor device. 

7. The method of claim 1 wherein the photoresist layer comprises a deep 
ultraviolet (DUV) layer. 

w 8. A system for providing a halo implant to a semiconductor device 

comprising: 

means for providing a thin photoresist layer to the semiconductor device; 

and 

means for providing the halo implant to the appropriate area of the 
28 semiconductor device. 

9. The system of claim 8 wherein the thin photoresist layer covers a 
substantial amount of the active area of the semiconductor device. 
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1 0. The systeffi of claim 8 wherein the thin photoresist layer is between 
approximately 1 to 2nm thick, 

1 1 . The system of claim 8 wherein the halo implant is at approximately a 45' 

angle. 

5 1 2. The system of claim 8 which includes the step of providing a lightly doped 

drain implant before the halo implant providing step (b). 

1 3. The system of claim 9 wherein the active area comprises the source region 
and the drain region of the semiconductor device. 

The system of claim 8 wherein the photoresist layer comprises a deep ultraviolet (DUV) 
10 layer. 
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Description 

[0001] This invention relates generally to the field of 
semiconductor de\/ices. and more particularly to a tran- 
sistor having localized source and drain extensions and s 
to a method of making the same. 
[0002] Modern electronic equipment such as televi- 
sions, telephones, radios and computers are generally 
constructed of solid state devices. Solid state devices 
are preferred in electronic equipment because they are 
extremely small and relatively inexpensive. Additionally, 
solid state devices are very reliable because they have 
no moving parts, but are based on the movement of 
charge carriers. 

[0003] Solid state devices include transistors, capaci- 
tors, resistors and the like. Transistors typically include 
source and drain regions separated by a channel 
region. A gate controls the flow of cun'ent from the 
source region to the drain region through the channel 
region. 

[0004] Increasingly, transistors and other solid state 
devices are made smaller to reduce the size of elec- 
tronic equipment For transistors, the smaller size com- 
pels a narrovi^ gate which can lead to short-channel 
effects between the source and drain regions To com- 
pensate for the short channel, source and drain exten- 
sions may be used to extend the source and drain 
regions to the channel region. Pockets may be used in 
connection with the source and drain extensions to 
reduce gate length sensitivity of drive current. 
[0005] An issue with pockets is the junction capaci- 
tance between the source or drain and pocket. Junction 
capacitance can increase delay in the transistor and 
correspondingly reduce circuit speed. The extensions 
may also result in additional implant damage in the 
source and drain regions. 

[0006] An illustrative embodiment of the present 
invention seeks to provide a transistor having localized 
source and drain extensions and pockets that substan- 
tially eliminate or reduce the disadvantages and prob- 
lems associated with prior systems and methods. 
[0007] Aspects of the invention are specified in the 
claims. In carrying out principles of the present inven- 
tion a transistor may comprise a gate electrode insu- 
lated from a semiconductor layer. A channel region may 
be defined in the semiconductor layer inwardly of the 
gate electrode. A source region may be formed in the 
semiconductor layer between the channel region and a 
first isolation member. The source region may comprise 
a source main body and a localized source extension. 
The localized source extension may be spaced apart 
from the first isolation member and extend from the 
source main body to the channel region. A drain region 
may be formed in a semiconductor layer between the 
channel region and a second Isolation member. The 
drain region may comprise a drain main body and a 
localized drain extension. The localized drain extension 
may be spaced apart from the second isolation member 



and extend from the drain main body to the channel 
region. 

[0008] More specHcally. in accordance with one 
embodiment of the present invention, the localized 
source extension may overlap part of the source main 
body and the localized drain extension may overlap part 
of the drain main body. The source main body may abut 
the first isolation member and the drain main body abut 
the second isolation member. In this and other embodi- 
ments, the localized source extension may extend less 
than half a distance between the gate electrode and the 
first isolation member. The localized drain extension 
may extend less than half a distance between the gate 
electrode and the second isolation member. 
[0009] A localized source pocket may be formed in the 
semiconductor layer. The source pocket may bound an 
inner perimeter of the localized source extension. A 
localized drain pocket may also be formed in the semi- 
conductor layer The drain pocket may bound an inner 
perimeter of the localized drain extension. 
[001 0] Important technical advantages of the present 
invention include providing an improved transistor hav- 
ing localized source and drain extensions that reduce 
implant damage effects. Accordingly, the main body and 
contacts of the source and drain regions may be formed 
with minimal interference from the extensions. 
[0011] Another technical advantage of the present 
invention includes providing localized source and drain 
pockets. In particular, the source and drain pockets may 
bound the extensions and be spaced apart from isola- 
tion members. Accordingly, the pockets also do not 
extend across the entire active area and thus, the tran- 
sistor may be more quickly charged and circuit speed 
correspondingly increased due to reduced junction 
capacitance. 

[001 2] Still another technical advantage of the present 
invention includes providing an improved method of 
forming source and drain extensions and pockets. In 
particular, a photoresist masking layer may be formed 
over the semiconductor layer exposing first and second 
sections of the active area proximate to the gate elec- 
trode. Dopants may be implanted into the exposed sec- 
tions to form the localized source and drain extensions. 
Further dopants may be implanted into the exposed 
sections to form the source and drain pockets. The pho- 
toresist masking layer may then be removed by conven- 
tional methodology. Accordingly, the localized source 
and drain extensions and pockets may be formed using 
conventional integrated circuit processing techniques 
and equipment. 

[001 3] Other technical advantages will be readily 
apparent to one skilled in the art from the following fig- 
ures, description and claims. 
[0014] For a more complete understanding of the 
present invention and its advantages thereof, reference 
is now made to the following description taken in con- 
junction with the accompanying drawings, wherein like 
reference numerals represent like parts, in which: 
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FIGURES 1A-E are a series of schematic cross- 
sectional diagrams illustrating fabrication of a tran- 
sistor with localized source and drain extensions 
and pockets in accordance with one embodiment of 
the present invention: 

FIGURES 2A-B are a series of schematic top plan 
diagrams illustrating a plurality of transistors with 
active areas formed in a semiconductor layer and a 
mask exposing limited sections of each active area 
in accordance with one embodiment of the present 
invention; and 

FIGURES 3A-B are a series of schematic cross- 
sectional diagrams illustrating four-rotational 
angled implant doping of the exposed sections of 
the transistor active areas to form the localized 
source and drain extensions and pockets in accord- 
ance with one embodiment of the present invention. 

[0015] The preferred embodiments of the present 
invention and its advantages are best understood by 
referring now in more detail to FIGURES 1-3 of the 
drawings, in which tike numerals refer to like parts 
throughout the several views. FIGURES 1-3 illustrate 
fabrication of transistors having localized source and 
drain extensions and localized pockets and/or uitrashal- 
low source and drain junctions and ultrashallow pockets 
with reduced gate overlap. As described in more detail 
below, the localized source and drain extensions may 
reduce implant damage to the source and drain regions. 
The localized pockets may reduce capacitance of the 
source and drain regions. The ultrashallow junctions 
with minimal gate overlap may also reduce overlap 
capacitance to the gate electrode. Accordingly, the tran- 
sistor may be more quickly charged and circuit speed 
correspondingly increased. 

[0016] FIGURES 1A-E are a series of schematic 
cross-sectional diagrams illustrating fabrication of a 
transistor with localized source and drain extensions 
and pockets in accordance with one embodiment of the 
present invention. In this embodiment, the transistor 
may be a metal oxide semiconductor field effect transis- 
tor (MOSFET) of a sub-micron regime. It will be under- 
stood that the type and size of the transistor may be 
varied. 

[0017] Referring to FIGURE 1A, an initial semiconduc- 
tor structure 10 may comprise a semiconductor layer 
12. The semiconductor layer 12 may be a substrate 
such as a wafer. In this embodiment, the semiconductor 
layer 12 may comprise a single-crystalline silicon mate- 
rial. It will be understood that the semiconductor layer 
12 may also be a layer of semiconductor material 
formed on a substrate. For example, the semiconductor 
layer 12 may be an epitaxial layer grown on a wafer. 
[001 8] A first isolation member 1 6 and a second isola- 
tion member 18 may be formed in the semiconductor 
layer 1 2. The isolation members 1 6 and 1 8 may be inde- 
pendent structures or part of a unitary structure. For 
sub-micron applications, the isolation members 16 and 



18 may comprise shallow isolation trenches. It will be 
understood that other types of isolation members and/or 
structures may be used. For example, the isolation 
members 16 and 18 may comprise a field oxide. 

5 [0019] Hie isolation members 16 and 18 may define 
an active area 20 in the semiconductor layer 12. As 
described in more detail below, source, drain and chan- 
nel regions may be defined in the active area 20. A gate 
electrode may control the flow of current from the 

10 source region to the drain region through the channel 
region to operate the transistor. It will be understood 
that the active area 20 may comprise other regions. 
[0020] A gate electrode 22 may be disposed over and 
insulated from the active area 20. In one embodiment, 

16 the gate electrode 22 may be separated from an outer 
surface 24 of the active area 20 by a gate insulator 26. 
In this embodiment, the gate electrode 22 may com- 
prise polycrystalline silicon or other suitable semicon- 
ductor material. The gate insulator 26 may comprise 

20 silicon dioxide or other suitable insulating material. It will 
be understood that the gate electrode 22 may be other- 
wise associated with the active area 20. 
[0021 ] In a particular embodiment, the transistor may 
comprise an n-MOS transistor. In this embodiment, the 

25 active area 20 may comprise a p-well 28 formed in the 
semiconductor layer 12. The p-well 28 may comprise 
the single-crystalline silicon material of the semiconduc- 
tor layer 12 slightiy doped with the p-type dopant such 
as boron. It will be understood that the semiconductor 

30 layer 12 may comprise other materials or be othenvise 
doped. For example, the semiconductor layer 12 may 
itself be slightiy doped eliminating the need for the well 
28. 

[0022] Referring to FIGURE 1 B, a masking layer 30 
35 may be formed over the semiconductor layer 12 and 
expose a first section 32 and a second section 34 of the 
active area 20. In one embodiment, the exposed first 
section 32 may be proximate to a first side 36 of the gate 
electrode 22 facing the first isolation member 16. The 
40 exposed second section 34 may be proximate to a sec- 
ond side 38 of the gate electrode 22 facing the second 
isolation member 1 8. It will be understood that the sec- 
tions 32 and 34 exposed by the masking layer 30 may 
vary 

45 [0023] The thickness of the masking layer 30 may 
vary As described in more detail below, the masking 
layer 30 may have a predefined thickness based on the 
size of the exposed sections 32 and 34 and on an 
implant angle of dopants into the exposed sections 32 

50 and 34. It will be understood that the thickness of the 
masking layer 30 may be independently set or depend 
on otiier parameters. 

[0024] In one embodiment, the masking layer 30 may 
comprise photoresist material. In this embodiment, the 
55 masking layer 30 may be conventionally coated, pat- 
terned and etched to expose the first artd second sec- 
tions 32 and 34 of the active area 20. It will be 
understood that the masking layer 30 may comprise 
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Other materials arxl/or be otherwise formed. 
[0025] Referring to FIGURE 1C, dopants 50 may be 
implanted into the exposed first section 32 to form at 
least part of a source region and into the exposed sec- 
ond section 34 to form at least part of a drain region. 
The dopants may be implanted in accordance with con- 
ventional integrated circuit processing techniques. In 
one embodiment, the doped exposed first section 32 
may comprise a source extension 52. The doped 
exposed second section 34 may comprise a drain 
extension 54. It will be understood that the exposed first 
and second sections 32 and 34 of the active area 20 
may comprise other elements of the source and drain 
regions. 

[0026] In accordance with the present invention, the 
source extension 52 is localized in that it is spaced apart 
from the first isolation member 16 and thus does not 
extend the distance between the gate electrode 22 and 
the first isolation member 16. Similarly, the drain exten- 
sion 54 is localized in that it is spaced apart from the 
second isolation member 1 8 and thus does not extend 
the full distance between the gate electrode 22 and the 
second isolation member 18. Accordingly, the localized 
source and drain extensions 52 and 54 reduce implant 
damage to the source and drain regions. Accordingly, 
the main body and contacts of the source and drain 
regions may be formed with minimal interference from 
the extensions. 

[0027] In one embodiment, the localized source 
extension 52 may have a first channel end 56 disposed 
slightly under the gate electrode 22 and an opposite 
second end 58 disposed toward but spaced apart from 
the first isolation member 16. Similarly, the localized 
drain extension 54 may have a first channel end 60 dis- 
posed slightly under the gate electrode 22 and an oppo- 
site second end 62 disposed toward but spaced apart 
from the second isolation member 18. In this embodi- 
ment, the localized source extension 52 may extend 
less than half the distance between the gate electrode 
22 and the first isolation member 16 while the localized 
drain extension 54 extends less than half the distance 
between the gate electrode 22 and the second isolation 
member 18. In a particular embodiment, the localized 
source and drain extensions 52 and 54 may each be 
less than 0.3-0.4 microns in length beyond the edge of 
the gate electrode 22. It will be understood that the 
localized source and drain extensions 52 and 54 may be 
of other absolute or relative lengths. 
[0028] The localized source and drain extensions 52 
and 54 may each vertically overlap the gate electrode 
22 by approximately 100-200 angstroms. This overlap 
may be induced by thermal treatment or other migration 
of the implanted dopants. It will be understood that the 
localized source and drain extensions 52 arxi 54 may be 
othenvise disposed with* respect to the gate electrode 
22. 

[0029] As previously described, the nr^sking layer 30 
may have a predefined thickness based on an implant 



angle of the dopants 50 and on the size of the exposed 
sections 32 and 34 of the active area 20. In one embod- 
iment, the dopants 50 may be implanted at an angle of 
substantially zero degrees from a perpendicular 64 to 

5 the semiconductor layer 12. The exposed sections 32 
and 34 may be sized between 0.1-0.3 microns. In this 
embodiment, the masking layer 30 may have a thick- 
ness of 0.3-1.3 microns. It will be understood that the 
masking layer 30 may comprise other thicknesses, the 

10 dopants 50 may be implanted at other angles and that 
the exposed sections 32 and 34 may be othenMse 
sized. For example, as described below in connection 
with FIGURES 2-3. the dopants 50 may be implanted at 
an angle to produce ultrashallow extensions 52 and 54. 

75 In this embodiment, the dopants 50 may be implanted 
from a direction substantially parallel to the gate elec- 
trode 22. The masking layer 30 may block entry of 
dopants implanted from non-parallel directions to the 
gate electrode 22 into the exposed sections 32 and 34 

20 of the active area 20. 

[0030] Pocket dopants may be implanted into the 
exposed sections 32 and 34 inwardly of the extensions 
52 and 52 to form a source pocket 70 and a drain pocket 
72. The pockets 70 and 72 may be used in connection 

25 with the extensions 52 and 54 to reduce gate length 
sensitivity of drive current. In one embodiment, the 
pocket dopants may be the dopants of the opposite type 
used to form the extensions 52 and 54. but be implanted 
in the semiconductor layer 12 at a higher energy It will 

30 be understood that the pockets 70 and 72 may comprise 
dopants othenmse introduced. For example, the pocket 
dopants may be implanted at the same or other energy. 
[0031] The source pocket 70 may be localized and 
bound an inner perimeter 74 of the localized source 

35 extension 52. The drain pocket 72 may be similarly 
localized and bound an inner perimeter 76 of the local- 
ized drain extension 54. It will be understood that the 
source and drain pockets 70 and 72 may be othenwse 
configured. It will be understood that the pockets 70 and 

40 72 may be localized independently of the extensions 52 
and 54. 

[0032] For the n-MOS transistor embodiment, the 
localized source and drain extensions 52 and 54 may 
each comprise n-type dopants such as arsenic. In this 

45 embodiment, the localized source and drain pockets 70 
and 72 may conprise p-type dopants such as boron or 
indium. It will be understood that the localized source 
and drain extensions 52 and 54 and pockets 70 and 72 
may be othenn^ise doped. 

50 [0033] In one embodiment, the dopants 50 may be 
implanted to a moderately doped concentration. In this 
embodiment, the dopants 50 may be implanted to a 
concentration of about 1-2E19/CM^. In another embod- 
iment, the dopants 50 may be implanted to a heavily 

55 doped concentration. In this embodiment, the dopants 
50 may be implanted to a concentration of about 1- 
2E20/CM3. It will be understood that dopants 50 may be 
implanted to other concentrations. 
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[0034] After the localized source and drain extensions 
52 and 54 and pockets 70 and 72 have been formed, 
the masking layer 30 may be removed. For the photore- 
sist embodiment of the masking layer 30. the masking 
layer 30 may be removed by oonventional processing. It 
will be understood that the masking layer 30 may be 
otheoA/ise removed. 

[0035] Referring to FIGURE 1 an insulating layer 80 
may be deposited outwardly of the semiconductor layer 
12 and the gate electrode 22. In one embodiment, the 
insulating layer 80 may be deposited directly onto the 
semiconductor layer 12 artd the gate electrode 22. In 
this embodiment, the insulating layer 80 may comprise 
an oxide and/or nitride layer. It will be understood that 
the insulating layer 80 may comprise other materials 
capable of Insulating semiconductor elements. 
[0036] Referring to FIGURE 1 E, the insulating layer 80 
may be anisotropically etched to form a first sidewall 82 
adjacent the first side 36 of the gate electrode 22 and a 
second sidewall 84 adjacent the second side 38 of the 
gate electrode 22. The anisotropic etch may be a con- 
ventional reactive ion etch (RIE) using processes well 
known in the art. The sidewalls 82 and 84 may electri- 
cally isolate sides 36 and 38 of the gate electrode 22 
from other elements of the transistor. 
[0037] Dopants 86 may be implanted into the exposed 
portions of the active area 20 between the first sidewall 
82 and isolation member 16 to form a source main body 
88 arxi between the second sidewall 84 and isolation 
member 18 to form a drain main body 90. Accordingly, 
the dopant implant process to form the source and drain 
main bodies 88 and 90 is self-aligned between the 
respective sidewalls 82 and 84 and isolation structures 
16 and 18. It will be understood that the source and 
drain main bodies 88 and 90 may be otherwise formed. 
[0038] The source region may comprise the source 
main body 88, the localized source extension 52 and 
the localized source pocket 70. In this embodiment, the 
source main body 88 may abut the first isolation mem- 
ber 16 and extend to overlap the localized source exten- 
sion 52. The source main body 88 may be laterally 
spaced apart from the gate electrode 22. The localized 
source 52 may extend from the source main body 88 to 
a channel region 94 defined in the semiconductor layer 
12 inwardly of the gate electrode 22. It will be under- 
stood that the source region and/or main body 88 may 
be othenwise configured. 

[0039] The drain region may similarly comprise the 
drain main body 90, the localized drain extension 54 
and the localized drain pocket 72. In this embodiment, 
the drain main body 90 may abut the second isolation 
member 18 and extend to overlap the localized drain 
extension 54. The drain main body 90 may be laterally 
spaced apart from the gate electrode 22. The localized 
drain extension 54 may extend from the drain main body 
90 to the channel region 94. It will be understood that 
the drain region and/or main body 90 may be otherwise 
configured. 



[0040] FIGURES 2-3 illustrate fabrication of transis- 
tors having ultrashallow junctions with reduced gate 
overlap in accordance with one embodiment of another 
aspect of the present invention. In this embodiment, the 
5 transistors may be metal oxide semiconductor field 
effect transistors (MOSFET) of a sub-micron regime. It 
will be understood that the type and size of the transis- 
tors may vary 

[0041 ] Referring to FIGURE 2A, an initial semioonduc- 
10 tor structure 110 may comprise a semiconductor layer 
112. As previously described in connection with the 
semiconductor layer 12, the semiconductor layer 112 
may be a substrate such as a wafer. In this embodiment, 
the semiconductor layer 112 may comprise a single- 
ts crystalline silicon material. It will be understood that the 
semiconductor layer 1 12 may also be a layer of semi- 
conductor material formed on a substrate. For example, 
the semiconductor layer 112 may be an epitaxial layer 
grown on a wafer. 
20 [0042] Transistors 114 may be formed on the semi- 
conductor layer 1 12. In one embodiment, the transistors 
114 may be arranged in different directions to increase 
circuit density In this embodiment, the transistors 114 
may be ananged with adjacent transistors perpendtcu- 
25 lar to one another and once removed transistors that are 
adjacent to adjacent transistors parallel to one another 
Thus, transistor 116 may be parallel to once removed 
transistor 1 18 and perpendicular to adjacent transistors 
120 and 122. It will be understood that the transistors 
30 114 may be othenn^ise arranged. 

[0043] In the MOSFET transistor embodiment, parallel 
transistors 1 16 and 1 1 8 may each comprise a gate elec- 
trode 124 disposed over and insulated from an active 
area 126. The gate electrode 124 may include an 
35 enlarged contact area 128 and be insulated from the 
outer surface of the active area 126 by a gate insulator 
130 (FIGURES 3). The gate electrode 124 may com- 
prise polycrystalline silicon or other suitable semicon- 
ductor material. The gate insulator 130 may comprise 
40 silicon dioxide or other suitable insulating material. 
[0044] The active areas 126 may each comprise a 
source region 132 separated from a drain region 134 by 
a channel region 136 (FIGURES 3). The gate electrode 
124 may control the flow of current from the source 
45 region 132 to the drain region 134 through the channel 
region 136 to operate the transistor 1 16 or 1 18. It will be 
understood that the active area 126 may comprise other 
regions. 

[0045] Transistors 116 and 118 may be parallel to 
50 each other in that their gate electrodes 124 and/or 
source and drain regions 132 and 134 are parallel to 
each other. It will be understood that the transistors 116 
and 118 may be othenvise parallel to each other. 
[0046] Parallel transistors 120 and 122 may each 
55 comprise a gate electrode 140 disposed over and insu- 
lated from an active area 142. The gate electrode 140 
may include an enlarged contact area 144 and be insu- 
lated from the outer surface of the active area 142 by a 
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gate insulator 146 (FIGURES 3). The gate electrode 
140 may comprise polycrystalline silicon or other suita- 
ble semiconductor material. The gate insulator 146 may 
connprise silicon dioxide or other suitable insulating 
material. 

[0047] The active areas 142 may each comprise a 
source region 1 48 separated from a drain region 1 50 by 
a channel region 152 (FIGURES 3). The gate electrode 
140 may control the flow of current from the source 
region 148 to the drain region 150 through the channel 
region 1 52 to operate the transistor 1 20 or 1 22. It will be 
understood that the active area 1 42 may comprise other 
regions. 

[0048] Transistors 120 and 122 may be parallel to 
each other in that their gate electrodes 140 and/or 
source and drain regions 148 and 150 are parallel to 
each other. It will be understood that the transistors 120 
and 122 may be othenvise parallel to each other. Tran- 
sistors 120 and 122 may be perpendicular to transistors 
116 and 118 in that their gate electrodes 140 and/or 
source and drain regions 148 arxj 150 are perpendicu- 
lar to gate electrodes 124 and/or source and drain 
regions 132 and 134. It will be understood that the tran- 
sistors 120 and 122 may be othenvise perpendicular to 
transistors 116 and 118. 

[0049] In a particular embodiment, the transistors 1 1 4 
may comprise n-MOS transistors. In this embodiment, 
as previously described In connection with the active 
area 20. the active areas 126 and 142 may each com- 
prise a p-well formed in the semiconductor layer 112. 
The p-well may comprise the single-crystalline silicon 
material of the semiconductor layer 112 slightly doped 
with a p-type dopant such as boron. It will be under- 
stood that the semiconductor layer 1 1 2 may comprise 
other materials or be otherwise doped. Additionaily, in a 
complimentary transistor embodiment having n-MOS 
and p-MOS transistors, the active areas 126 and/or 142 
of the p-MOS transistors may comprise an n-well. 
[0050] An isolation structure 156 may be formed on 
the semiconductor layer 112 and isolate the transistors 
114. In one embodiment, the transistors 114 may be 
formed in windows of the isolation structure 156. In this 
embodiment, the isolation structure 156 may comprise 
a conventional field oxide. The windows for the transis- 
tors may be formed using conventional photolithography 
techniques associated with pattern and etching. It will 
be understood that other types of isolation structures 
may be used. For example, the isolation structure 156 
may comprise independent isolation trenches and the 
like. 

[0051] Referring to FIGURE 2B. a masking layer 160 
may be formed over the semiconductor layer 112 and 
expose limited sections of the active areas 126 and 142 
of the transistors 1 14. In one embodiment, the exposed 
sections may include source sections 162 and drain 
section 164 of active areas 126 (FIGURE 2A) and 
source sections 166 and drain sections 168 of active 
areas 142 (FIGURE 2A). In Vn\s embodiment, each 



source section 162 may be proximate to a source side 
170 of the gate electrode 124 and each drain section 
164 may be proximate to a drain side 172 of tiie gate 
electrode 124. Each source section 166 may be proxi- 

5 mate to a source side 1 74 of the gate electrode 1 40 and 
each drain section 168 may be proximate to a drain side 
1 76 of the gate electrode 1 40. It will be understood that 
other sections of the active areas may be exposed by 
the masking layer 160. 

10 [0052] The thickness of the masking layer 160 may 
vary. As described in wore detail below, the thickness of 
tiie masking layer 160 may be predefined based on the 
size of the exposed sections 1 62, 1 64, 1 66 and 1 68 and 
on a dopant implant angle into the exposed sections 

75 162, 164. 166 and 168. It will be understood that the 
thickness of the masking layer 160 may be independ- 
ently set or dependent on other parameters 
[0053] In one embodiment, tiie masking layer 1 60 may 
comprise photoresist material. In tills embodiment, as 

20 described in connection with the masking layer 30, the 
masking layer 160 may be conventionally patterned to 
expose sections 1 62, 1 64. 1 66 and 1 68. It will be under- 
stood tiial the masking layer 160 may comprise other 
materials. 

25 [0054] FIGURES 3A-B are a series of schematic 
cross-sectional diagrams illustrating four-rotational 
angled implant doping of the exposed sections 162, 
164, 166 and 168 to form ultrashallow source and drain 
junctions and/or pockets with reduced gate overlap in 

30 accordance wHh one embodiment of the present inven- 
tion. In this embodiment, the dopants may be implanted 
from four directions spaced 90 degrees apart. Prefera- 
bly the directions are each parallel and perpendicular to 
the gate electrodes 124 and 140. It will be understood 

35 that other implant schemes may be used. 

[0055] Referring to FIGURE 3A, dopants may be 
implanted at an implant angle from a first direction T 
substantially parallel to the gate electrodes 124 and 
substantially perpendicular to the gate electrodes 140. 

40 The first direction dopants may enter into the source 
sections 162 to form ultrashallow source junctions 180 
and into the drain sections 164 to form ultrashallow 
drain junctions 1 82 of the gate electrodes 1 24 parallel to 
the first direction. The masking layer 160 may block 

45 entry of dopants from the first direction into the source 
and drain sections 166 and 168 of tiie gate electrodes 
140 perpendicular to the first direction. Accordingly tiie 
dopants may be implanted from the first direction into 
tiie source and drain sections 162 and 164 witiiout 

50 being implanted under the gate electrodes 140 perpen- 
dicular to the first direction. 

[0056] Dopants may be implanted at tiie implant angle 
from a second direction "2" substantially opposite tiie 
first direction and parallel to the gate electrodes 124. 
55 The second direction dopants may enter into the source 
sections 162 to further form the ultrashallow source 
junctions 180 and into ttie drain sections 164 to further 
form the ultrashallow drain junctions 182 of the gate 



6 

10/31/2003, EAST Version: 1.4.1 



11 



EP0 899 793A2 



12 



electrodes 124 parallel to the second direction. The 
masking layer 160 may block entry of the dopants from 
the second direction into the source and drain sections 
1 66 and 1 68 of the gate electrodes 1 40 perpendicular to 
the second direction. Accordingly, the dopants may be 5 
further implanted from the second direction into the 
source and drain sections 162 and 164 without being 
implanted under the gate electrodes 140 perpendicular 
to the second direction. 

[0057] Referring to FIGURE 3B, dopants may be 10 
implanted at the implant angle from a third direction 
substantially perpendicular to the first and second direc- 
tions and parallel to the gate electrodes 140. The third 
direction dopants may be implanted into source sec- 
tions 1 66 to form ultrashallow source junctions 1 84 and 15 
into drain sections 168 to form ultrashallow drain junc- 
tions 186 of gate electrodes 140 parallel to the third 
direction. The masking layer 160 may block entry of 
dopants from the third direction into the source and 
drain sections 162 and 164 of the gate electrodes 124 20 
perpendicular to the third direction. Accordingly, the 
dopants may be implanted from the third direction into 
the source and drain sections 166 and 168 without 
being implanted under the gate electrodes 124 perpen- 
dicular to the third direction. 25 
[0058] Dopants may be implanted at the implant angle 
from a fourth direction "4" substantially opposite the 
third direction and parallel to the gate electrodes 140. 
The fourth direction dopants may enter into the source 
sections 166 to further form the ultrashallow source 30 
junctions 184 and into the drain sections 168 to further 
form the ultrashallow drain junctions 186 of the gate 
electrodes 140 parallel to the fourth direction. The 
masking layer 160 may block entry of the dopants from 
the fourth direction into the source and drain sections 35 
162 and 164 of the gate electrodes 124 perpendicular to 
the fourth direction. Accordingly, dopants may be 
implanted from the fourth direction into the source and 
drain sections 166 and 164 without being irriplanted 
under the gate electrodes 124 perpendicular to the <o 
fourth direction. 

[0059] For the n-MOS transistor embodiment, the 
source and drain extensions may each comprise n-type 
dopants such as arsenic. The dopants may be 
implanted to moderate, heavy or other concentrations. 45 
In the moderately doped concentration embodiment, 
the dopants may be implanted to the concentration of 
about 1-2E19/CM^. In the heavily doped concentration 
embodiment, the dopants may be implanted to a con- 
centration of about 1-2E20/CM^. It will be understood so 
that the dopants may be othenwise implanted to other 
concentrations 

[0060] The implant angle of dopants may vary. Gener- 
ally, the larger the implant angle from a perpendicular 
188 of the semiconductor layer 12. the shallower the ss 
resulting source and drain junctions. In one embodi- 
ment, the dopants may be implanted at an angle of 7-30 
degrees from the perpendicular 188. In this embodi- 



ment, the exposed sections 162. 164. 166 and 168 may 
each be sized between 0.1-0.3 microns and the mask- 
ing layer 160 may have a thickness of 0.3-1.3 microns. 
It will be understood that the implant angle of the 
dopants may vary within in the scope of the present 
invention. 

[0061 ] From the foregoing, dopants may be implanted 
from different directions at an angle to produce 
ultrashallow source and drain junctions. The masking 
layer blocks entry of dopants from nonparallel directions 
into the gate electrodes to prevent implantation under 
the gate electrodes and thus minimizes gate overlap. 
Accordingly, the transistors have a reduced gate overlap 
capacitance and may be more quickly charged for faster 
circuit speeds. 

[0062] In one embodiment, the ultrashallow source 
junctions 180 and 184 may each comprise the localized 
source extension 52 and the ultrashallow drain junctions 
182 and 186 may each comprise the localized drain 
extension 54. As previously described in connection 
with source and drain extensions 52 and 54, the source 
and drain pockets may be implanted inwardly of the 
extensions. The masking layer 160 maybe the masking 
layer 30 and may be removed to allow formation of 
source and drain main bodies 190 and 192 in the semi- 
conductor layer 112. It will be understood that the 
urtrashallow source and drain junctions 180, 182, 184 
and 186 may comprise other source and drain struc- 
tures. 

[0063] In this embodiment, the size of the exposed 
sections may be defined based on the desired size of 
the extensions and/or pockets, the implant angle may 
be defined based on the desired depth of the extensions 
and/or pockets and the masking layer deposited to a 
thickness that blocks entry of dopants from substantially 
perpendicular directions. In a particular embodiment. n 
the exposed sections may be sized between 0.1-0.3 
microns, the implant angle may be 7-30 degrees from 
the perpendicular 188 and a four rotational implant may 
be used with the masking layer having a thickness of 

0. 3-1.3 microns. The resulting transistors may have 
localized and ultrashallow source and drain extensions 
and pockets that greatly reduce capacitance of the tran- 
sistor. 

[0064] Although the present invention has been 
described with several embodiments, various changes 
and modifications may be suggested to one skilled in 
the art. It is intended that the present invention encom- 
pass such changes and modifications as fall within the 
scope of the appended claims. 

Claims 

1. A transistor, comprising: 

a gate electrode insulated from a semiconduc- 
tor layer; 

a channel region defined in the semiconductor 
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layer inwardly of the gate electrode; 
a source region formed in the semiconductor 
layer between the channel region and a first 
isolation menrtber. comprising: 

5 

a source main body; 

a localized source extension spaced apart 
from the first isolation member and extend- 
ing from the source main body to the chan- 
nel region; io 

a drain region formed in the semiconductor 
layer between the channel region and a second 
isolation member, comprising: 

75 

a drain main body; 

a localized drain extension spaced apart 
from the second isolation member and 
extending from the drain main body to the 
channel region; 20 

a localized source pocket formed in the semi- 
conductor layer and bounding an inner perime- 
ter of the localized source extension; and 
a localized drain pocket formed in the semi con- 25 
ductor layer and bounding an inner perimeter 
of the localized drain extension. 

2. The transistor of Claim 1 . further comprising: 

30 

the source main body abutting the first isolation 
member; and 

the drain main body abutting the second isola- 
tion member. 

35 

3. The transistor of Claim 1 or Claim 2, further com- 
prising: 

the localized source extension overlapping part 
of the source main body; and 40 
the localized drain extension overlapping part 
of the drain main body 

4. The transistor according to any proceeding Claim, 
further comprising: 45 

the localized source extension having a depth 
of less than 0.08 microns; and 
the localized drain extension having a depth of 
less than 0.08 microns. so 

5. The transistor according to any preceeding Claim , 
further comprising: 

the localized source extension extending less ss 
than half a distance between the gate electrode 
and the first isolation member; and 
the localized drain extension extending less 



than half a distance between the gate electrode 
and the second isolation member. 

6. A method of making a transistor, comprising the 
steps of: 

forming a first and a second isolation mennber 
defining an active area in a semiconductor 
layer; 

forming a gate electrode separated from the 
active area of the semiconductor layer by a 
gate insulator; 

forming a localized source extension in the 
semiconductor layer proximate to a first side of 
the gate electrode faang the first isolation 
member and spaced apart from the first isola- 
tion member; 

forming a localized drain extension in the sem- 
iconductor layer proximate to a second side of 
the gate electrode facing the second isolation 
member and spaced apart from the second 
isolation member; 

forming a source main body in the active region 
between the localized source extension and 
the first isolation member; 
forming a drain main body in the active region 
between the localized drain extension and the 
second isolation member; 
forming a localized source pocket in the semi- 
conductor layer bounding an inner perimeter of 
the localized source extension; and 
forming a localized drain pocket in the semi- 
conductor layer bounding an inner perimeter of 
the localized drain extension. 

7. The method of Claim 6. the steps of forming the 
localized source and drain extensions further com- 
prising the steps of: 

forming a masking layer over the semiconduc- 
tor layer exposing a first section of the active 
area proximate to the first side of the gate elec- 
trode facing the first isolation member ard a 
second section of the active area proximate to 
the second side of the gate electrode facing the 
second isolation member; 
implanting dopants into the exposed first sec- 
tion, of the active area to form the localized 
source extension; 

implanting dopants into the exposed second 
section of the active area to form the localized 
drain extension; and 
removing the masking layer. 

8. The method of Claim 6 or Claim 7, the steps of 
implanting dopants comprising implanting dopants 
at substantially zero degrees from perpendicular to 
the semiconductor layer. 
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9. The method of any of Claims 6 to 8, the steps of 
forming the localized source and drain extensions 
and the localized source and drain pockets further 
conriprlsing the steps of: 

5 

forming a masking layer over the semiconduc- 
tor layer exposing a first section of the active 
area proximate to the first side of the gate elec- 
trode facing the first isolation member and a 
second section of the active area proximate to io 
the second side of the gate electrode facing the 
second isolation member; 
implanting dopants into the exposed first sec- 
tion of the active area to form the localized 
source extension; 75 
implanting dopants into the exposed first sec- 
tion of the active area to form the localized 
source pocket, the localized source pocket 
dopants being inwardly of the localized source 
extension dopants ; 20 
implanting dopants into the exposed second 
section of the active area to form the localized 
drain extension; 

implanting dopants into the exposed second 
section of the active area to form the localized 25 
drain pocket the localized drain pocket 
dopants being inwardly of the localized drain 
extension dopants; and 
removing the masking layer. 

30 

10. The method of any of Claims 6 to 9. the steps of 
forming the source and the drain main bodies fur- 
ther comprising the steps of: 

forming a first sidewall adjacent the first side of 35 
the gate electrode; 

forming a second sidewall adjacent the second 
side of the gate electrode; 
implanting dopants into the active region 
between the first sidewall and the first isolation 40 
member to form the source main body; and 
implanting dopants into the active region 
between the second sidewall and the second 
isolation member to form the drain main body. 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To reduce the 
junction capacitance between a 
source-drain layer and substrate by forming a 
photo resist pattern to be a mask 
for a large- inclination angle ion implantation and 
implanting ions, using a 
gate electrode and photo resist pattern as a 
high-angle ion implanting mask. 

SOLUTION: An As ion implanting 16 is applied 
to a semiconductor substrate 1 1 
to form an As ion layer 17, a largeinclination 
angle B ion implanting 18 is 
applied from the source and drain sides to form 
a B ion-implanted layer 32 
which is formed only near a part of the substrate 
1 1 below the side wall of a 
gate electrode part 2 since a photoresist pattern 
31 and gate electrode part 2 
form a mask for the large-inclination angle ion 
implanting 18. When a pocket 
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diffused layer 32a is formed with a p-type 

impurity of B ions, an S region 

adjacent to the pocket diffused layer 32a and S 

adjacent to the substrate are 

formed at the junction of the source-drain layer 

22a. The diffused detect 32 

has a higher concn. than that of the substrate 1 1 

and the junction capacitance 

can be reduced. 
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ABSTRACT: 

PURPOSE: To obtain a semiconductor device 
enabling the formation of a second 
conductivity type impurity diffusion region of high 
concentration which does 
not contact with a p-pocket and realizing the 
simultaneous achievement of high 
speed and control of a short channel effect, by 
forming a spacer on the side 
wall of a gate electrode and by ion-implanting a 
second conductivity type 
impurity for activation with these elements used 
as a mask, etc. 

CONSTITUTION: After a thin insulation film 
23, a polycrystalline silicon 
film 25 and a conductive film 26 are formed in an 
insular region of a 

semiconductor layer 21 of a first conductivity 
type, a resist pattern is 
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formed, and the periphery thereof is etched 

selectively to form a gate 

electrode 29 and an opening 28. Next, an 

impurity of a first conductivity type 

is doped through the opening 28 to form a 

pocket region 30 of high 

concentration. Then, the conductive film 26, the 

polycrystalline silicon film 

25 and the insulation film 23 other than the gate 

electrode 29 are removed, and 

an impurity of a second conductivity type is 

doped with the gate electrode 29 

and an element isolating region 22 used as a 

mask, so as to form two low 

concentration impurity diffusion regions 32. 

Subsequently, a spacer 33 is 

formed on the side wall of the gate electrode 29, 

and the impurity of the 

second conductivity type is doped with the gate 

electrode 29, the spacer 33 and 

the element isolating region 22 used as a mask, 

so as to form two high 

concentration impurity diffusion region 35. 
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[ mm 1 ] SI mm.cr>mi¥mLco o ibx-z co^ 

mtmMmzm&cr)m2m'mc^^nmmmiim i 
»^c7)^iiEtiii:(is^^ffflt, mmnmi,z&&(r) lo 

BlcMLT#fi6<50:&[SlA-^>lifE^^{*««'^lllS«S 20 

ley- b«ffiwy'- Ym^^zmhWi<m^'n^^ 
coo 0 1 ] 

I. LD Dffii§coi|i#*IIBSl^'?'Og!Ji:^lcWtl. t 
(DX'hh. 

[00 02] 

{i, ^x^^jmm<r>oioCr>^\^^/\ySJj\^iZt5n?>v^i^ 

mz. ^^i^mw^tm-mmmx'^':r'y hmm^tLi 

TV^I, {mtfii. 1991 IEEE International Electron D 
evices Meeting Technical Digest,pp.303-306,Dec.l99 
1 ) . 

C00 03) ;0*'^r>yhfl{J, h5>'>''X:?cr)A'y-?- 

x)v-mm\^k.^^hb^\.z. Yi^^ymcnMrnza 
i,-fhn^%^m:k^^xy- vnuzx^K-fht^ -y h 

xW:;' bny (f-^'^t-^l'^ y hxU:? hay) (7)^^^ 50 



#IB¥6-1 96492 
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htix\-*?>, 

[00 04 3 ia2«i:, Z(Dm^£^y-yhM^^tlLD 

DmmcT) h y y=jxi^ff)wmmcr>-mMmt:^ix^^ 

;cO-fif5|^JT'(4. 02 (a) PSCT) 
¥#*afi^2 l±tC>--M^IS2 2ty-bm2 3 

[00 0 5] ^cr)ik. ^^'-h«@2 3^vXi?icLT, 

iznixm<^iji^^-'^. z<r>^mwmm2i^pm<7) 
T^im2 4^:^ytymxtt. zm^. y-h«ffi2 

mzmm^izij. ^^#««2 1 x o tsjusi?) 

[0006] mz. a 2 ( b ) iz^tmz. y- 

it^r::^i^*> ^ , 2 i a. Nm.coTM'^ 2 6^p 

mcoyfrnm 2 4 j: o t :t yaA-r & . 

7F*$M2 54i<50PSc7):T*eil2 4*JNM«:i^$«ft 
2 6 1 fflfi S fl-C s y- h mi 2 3 WWffltCfiJifficT) N 

[0007] mz. 02(c) (C*-tttCs y-b«Si 
23cr,mmzmMX^—f28-&B^L. y-hVM2 
3tilMX'<— t2 8t^-7X^'(CL-C, ^^{*:*m2 
lco«fflCML-C«it^::^|6l*-'b, ^«sa«2 l^N 

m(7)T^tm)2 9^Nm<Dr4m2 ex'o tuti^iust 
-^^yziA-ri.. i<7)^m, iiM;^'^-^f2 8«iiiiuc 

[0008] JiLh<7)S^r-|«*MT«jtt^ h ^yi/'X 
iS'-Cli, 02 (c) tC^-tP^«0^^tl«2 dtl^^-^'v 

2 7*»LDDatC^r-5T*3 0, SlC^cTJi'UffliOiftiagiT) 

NmcoTMVaM 3 0 *5 y H y o T o 

[0009] 

[^WM«?lLJ:ai:-?-SiSli] tZb^. 

at<'£^m'hh(7)x\ m^-^ti^mx\ jLum^ 
v\ ^/i. \.D'Dmx'hh^W2i<r)^^\mm.:^ 

^•-^28(7)^^\,zi.'oXmibljtihi)K MSXAL-Hf 

28i,ix.y^yyi>zX'jxmm-icox\ mm:^^-^ 
2 8cr,^^ itm^izR-^^^mizumm-t^ z t i^x^ 

[0010] zcofzib. ±^(r>-WmX'li. Bfraco^t 

m^thmwmmm$!,izK->-m^ 0 

Zbi}K'^^j:^\ ^-oX^^^mt, ^iryhMi^t^ 
LDDmm^ZHK^X, LDDJl(;0*$S:?g^tS.OS^ 

mzmmtiztm^imzLx. mm(r>m^i:^t 
i^i^mmm^^zK-om^^p^'ox^^^h ztirm 
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[00 11] 

Tit. ^im^m<7)^iiimm(Do-hX'zc7)^i^mm 

\imm^z. mmzms^mimmm'mMmz 

[ 0 0 1 2 ] * fc, rn^rnzx h^mw.mm.(r>mwjm 
\t. mimm.<^^w.mL±.'^zd^-vmmiitLx 

[z^<n'f-v%mt-'mwi^'^x^iryxtxmim^ 

w^cr>^m^znhxm>n-n^i)^h:i(r>'^wm.^^ 
imm.'mmni^^y^xLx. ^muMcorih 
x'*f- vmwi'f- vwn^^zmhMi](m^<r)^'^ 
^mm^mmz. ^mufmLi t iSjis^os 1 mmm 

f^w. 2 MVM<m^mi^mx Lx,w,i mmm<n^^mi\ 
m<r) 0 ii>x'y~Ym^<r>nm<^wi.^mnmzw&^<r> 
m 2 rnvMcoTM^mizt^ tmz. (^mMmzi&m 
&<Dm 2 mvmco-^w^mcnm 1 mnMff)T-mim t n 
mmiz. mmzmm&<^m2mvMff)TM^mm 

[00 13] 

ti, w.im^m-tmmti^r^'r'yhmiiz^j:^. fflw^j 
y/iic^i), iseoT. Y-vm^zm^x^-^i^fSL 

h:LtifX'tt> 

[00 14] U>t>. LDDlO:ft$»±y-bm@t^ 

1 m^cnp^wmn^ ^ y&.Xcr>ljmzX-oxmm 
tmmx^-^<r>^^mmi.*)h^^x'hh, 

[00 15] 

**'bf5iHfl-ri.. ^mmx'i,. 01 (a) 



3) ^tra^6-1 9 64 9 2 
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fc^JglSt&ii-C-Jl, ll2tc^^Lit-{«!*fi?i)i:ll«Wtc 
ft. Ux;^h4it^H(:^=ftjL. ^i^-Mlfi§3<7)MIIiH- 

m-mi,z. 7 :r h y y /7 7 ^ ffix-i^ i-'^ n 4 $rsni-r 
[0016] (Xtc. la 1 ( b ) ^Z7fcm\.z. f- vnm. 

3i;^>''Xh4i:5-7X^'(cLt, ^<*«flKl SrHls 
$-^oo. ifiS|#:»1glco^fflt*=fLT#ty)(^^r[fiI«^ 

Bffi2 3Oy-hft:^|6]tfc(tl.lifil*«0f«c0*^Srfll 

[0017] iXlCs la 1 ( c ) t^^-tai:. I'i^X h 4 
^I^^Ucft, y-h«^3$:vx^'tfC, 
«lcr)SB(cWLTfitt'5r:^(6];&-'^. ^WsSl^l^'J 
y^c7)NScom*7 S PSO^M^t 5 J; 0 hW^\z 
A^y'm^-th. icoSS. 01 (b) coigT'ffML 

20 t;.^^m-mm^(nf^w^z. nmsjn^^wm-imm 
^if^^'^fih, tfz. T^vamenohx-y-hmm 
3</)mm<nmwiX'ii. pa<o?;«5>!)>NMw^«7 
x-mm^tix. zcommti^im&<^Nm<^T-¥imm9iz 

[0018] m:.(r>m^j:mmmX'W^ it: h y yjx ^ 

•cti. HI (c) t:^-rPMo^ttftii6Ai^^r.yh^ 

30 [0019] 

I. ^ t h(r)X:. fm.(^m.^-^^h^'^'^m.-k 

40 [02] i^wm-mmiJMmz^-tmmmxh 
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2 ^-'-N^gMHi 

3 ^r'-MSSs 

4 IxxXh 

6 y\-m^m 
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50 8 '^-mm 
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